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MFTHOD FOR THE IDENTIFICATION AND SPECIATION OF 
bIotRIAOF THE BURKHOLDER1A CEPACIA COMPLEX 

f] ^ n ffY Invention 

This application relates to a new method for the identification and specatum of 
bacteria of the Burkholderia cepacia complex, and to vaccines developed specific for 
certain bacteria characterized using this method. 

R^Vf n-nnnd o f thft Invention 

The Gram negative bacterium Burkholderia cepacia has recently been shown to 
consist of five different genomovars or new species, and as a collective the bacteria have 
been called the B. cepacia complex. Two of these genomovars have been gl ven new 
species names: Burkholderia multivorans (formerly genomovar II) Burkholderia 
vietnamiensis (formerly genomovar V). These bacteria cause problematic infections m 
patients with cystic fibrosis (CF) and chronic granulomatous disease as well as often 
causing infection outbreaks among vulnerable hospitalized patients. In cystic fibres*, 
clinical outcome and epidemiology of infection may vary depending on the type ofspee.es 
patients are colonized with. It has become critical to obtain a rapid and reproduce 
means of identifying the different species of the B. cepacia complex since the current 
genomovar classification is technically difficult, laborious, carried out by only one 
reference laboratory andnot based on a single test. Vandammeet al.,/«r 7.7. 

Bacteriol. 1188-1200(1997). 

It is an object of the present invention to provide a rapid and reproducible method 

for identification and speciation of B. cepacia complex. 

It is a further object of the invention to provide suitable reagents and kits for use in 

the method of the invention. 

Using this test, or other established but more time consuming tests, the species of a 
bacteria of the B. cepacia complex which is responsible for a given infection may be 
determined. There remains, however, the challenge of provide effective therapy if the 
strain is determined to be an epidemic strain. It is therefore still a further object of the 
present invention to provide an answer to this challenge by providing a vaccine which 
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promotes a therapeutically beneficial immune response to epidemic strains of the B. 
cepacia. 

Summary of The Invention 

In establishing a methodology for identification and speciation of a target group of 
microorganisms based on nucleotide sequences, it is necessary to identify a gene or genes 
within the target group which on the one hand contain conserved regions which are 
common to all microorganisms in the group such that non-specific amplification can be 
performed, and on the other hand contain regions which are dissimilar in ways that are 
diagnostic of the species. In accordance with the invention, it has been determined that 
these characteristics are found in the recA gene of bacteria of the Burholderia cepacia 
complex. Thus, in one aspect of the invention, identification and speciation of bacteria of 
the Burkholderia cepacia complex in a sample can be accomplished by a method 
comprising the steps of 

(a) obtaining nucleotide sequence information for the recA gene in bacteria of 
the Burkholderia cepacia complex found in the sample; and 

(b) comparing the nucleotide sequence information obtained for the recA gene 
in bacteria of the Burkholderia cepacia complex found in the sample with a standard 
library of nucleotide sequence information comprising standard nucleotide sequence 
information for at least three species of bacteria of the Burkholderia cepacia complex. 

Preferably, the nucleotide sequence information is obtained by evaluation of 
restriction fragment length polymorphism (RFLP). Other techniques for obtaining 
sequence information can also be used, including base-by-base determination of the 
sequence of the region of interest, sequence-specific oligonucleotide hybridization probes, 
and ligation techniques. 

The invention also provides universal primers which can be used for amplification 
of all known members of the Burkholderia cepacia complex, and genomovar-specific 
primers which can be used for selective amplification of the recA gene from bacteria of 
one genomovar. 

Speciation of bacteria of the Burkholderia cepacia complex can have several 
important consequences. When an infection has been identified as being caused by an 
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epidemic strain of the B. cepacia complex, it is appropriate to provide a vaccine which can 
be used in treating and preventing infection. Thus, the present invention also proves a 
vaccine composition which is useful in providing a therapeutically beneficial xmmune 
response in warm-blooded animals, particularly mammals (including humans) mfected 
with epidemic strains of bacteria of the B. cepacia complex belonging to genomovar ffl. 
The vaccine comprises a protein or peptide antigen, or an expressible polynucleotide 
encoding a protein or peptide antigen derived from the flagellin of such bacteria. When 
the vaccine composition is administered to a mammalian subject, a therapeutically 
beneficial immune response is stimulated, which assists in combating the B. cepacia 
infection. 

Speciation can also be used as a basis for selection and/or isolation of 
industrially useful bacterial species. For example, it is known that a number of strains of 
B cepacia can be used in as biocontrol strains in agricultural applications. Ithasbeen 
found using the speciation method of the invention that these strains frequently fall mto 
one of two classes based on recA RFLPpattern, one of which is a class associated with 
epidemic strains and one of which is not. Thus, one can use the test methodology of the 
invention to select among biocontrol strains to reduce the likelihood of public health 
hazards. 

Hi jrf TV-printr" pjjhg Drawings 

Figs. 1 and2showphylogenetictreesforS. cepacia based on the recA sequence 

evaluation; and 

Fig. 3 shows the RFLP patterns obtained for representative strains of B. cepacia 
complex. 

Pr tnilrr) PjagripfiPJ) " f TV Invention 

DNA sequence variation in conserved bacterial genes, such as those encodmg the 
ribosomal RNA (rRNA) molecules, has been widely used as a method for classification 
and speciation of bacteria. Speciation of B. cepacia complex based on the genes encodmg 
the 16S rRNA gene has been examined, but there is insufficient DNA variation withm the 
gene to enable it to distinguish among all the genomovars of B. cepacia. In accordance 
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with the present invention, it has now been determined that there is sufficient sequence 
variation for speciation of B. cepacia in the gene encoding the RecA protein (recA). Thus, 
the present invention provides a rapid molecular diagnostic test which speciates bacteria of 
the B. cepacia complex based on the detection of sequence variation within the gene 
encoding the RecA protein. 

The sequence of the recA gene has been evaluated in various bacterial species and 
suggested as a possible basis for phylogenetic classification. Karlin et ah, J. Bacterid 
177: 6881-6893 (1 995). One sequence of B. cepacia was considered by Karlin et aL, but 
there was no discussion of speciation. A similar phylogenetic comparison was published 
by Eisen, J.A., J. Mol Evol 41: 1 105-1 123 (1995), but again no comparisons among 
members of the B. cepacia complex were made. 

The sequence of recA genes originating from two B. cepacia strains have been 
published. Nakazawa et aL, Gene 94: 83-88 (1990); van Waasbergen, et aL, Appl 
Microbiol Biotech. 49: 59-65 (1998). However, beyond noting that the sequences are 
"highly similar" but not identical, no particular utility was suggested as a result of the 
differences. Surprisingly, however, even though recA sequences have been shown in other 
cases to provide results similar to 16S rRNA, sequence evaluation of the recA gene of 
sixteen strains representative of each genomovar showed that these sequences contain 
sufficient diversity for speciation of the B. cepacia complex, while the 16S rRNA does 
not. 

The published sequences for the recA gene in two strains sequences of bacteria of 
the B. cepacia complex (Seq. ID Nos. 1 and 2) were used to determine two primer 
sequences suitable for non-specific PCR amplification of the recA gene. This single pair 
of non-degenerate primers, which have the sequences: 
Forward Primer (BCR1) 

TGACCGCCGAGAAGAGCAA SEQ ID No. 3 

Reverse Primer (BCR 2) 

CTCTTCTTCGTCCATCGCCTC SEQ ID No. 4 

were subsequently used to amplify the recA gene from additional strains, and were found 
to be effective as amplification primers for the recA gene from all known members of the 
B. cepacia complex, including LMG 141 91 T , the type strain for Burkholderia pyrrocinia. 
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fflbart ia, si— no W o slains were identical except the «i fc *OM- 

numte ana GenBanx Accession nunrbers, respect, as fc '«";; 77 ' 
C5424 AF.4378UC1394, AF.43783; ATCC 254.6, AF.43786; C2822, AF143792, 
AF.43793;LMG 14191 (B.pyrrocinio), AF143794; Ral-3, AF143795; 

Zee 49709, AF.43800; ATCC 39277, AF143801; ATCC 53266, AF,438<* 

J « — «T - en fe gone is arnpiiflod. Persons sailed rn rhe « w„, 
p ^Lod.foroxamp.o.oamplifVoniyapnnionofUre^enrwh.ohnn.ra^o, 

coaled regions of the recA gene, and oonid bo dogon OT ,o if necessary «o ob B .n 
anvHficnannofaUspecieswitoftoAcepncacomplex. ..^ 
Snbs.an.ial Weeks of nucleoude seqnonco whicb are conserved aonrng 4 o «he 

^neregionsn^ben^.odosign— e pHnrers fo, aHontanv ean^anonof 
r l f r„n,a,,bac K riaofbc S .^dncon,p.ex. For example, there is substantia) 

^^^^^^^^^ 

ForwardPrimor(BCRUl') SEQ lDNo.20 
TGCGGATGGGCGACGGCG 

Reverse Primer (BCRU2') seq ^ ^ 2( 

CAGTTCTGTCGCTTGATCG 

,„ produce a 485 baso pair PCR product spanning a region of considorab.o sequence 
variation, or 

Forward Primer (BCRU1) ^ ^ No ^ 

ATCATGCGGATGGGCGACG 
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Reverse Primer (BCRU2) 

CAGTTCTGTCGCTTGATCG SEQ ID No. 37 

to produce a 488 base pair PCR product spanning a region of considerable sequence 



variation. 



The DNA sequence variation in the recA gene used to speciate the B. cepacia can 
be detected using restriction enzyme digestion, separation of the digested fragments 
followed by pattern matching of the resulting profile. Prior to the digestion, the recA gene 
is amplified to increase the relative abundance of this gene as compared to other nucleic 
acid polymers in the sample. The preferred amplification technique is PCR amplification, 
but other known amplification techniques may be used as well. The restriction fragment 
patterns contain sufficient variation due to natural variation in the 16 recA sequences to 
enable the sequence to speciate among all 5 genomovars of B. cepacia. The enzymes 
Haelll and AM were found to be suitably discriminatory, with Haelll providing the 
highest degree of discrimination. Other enzymes which might be possess adequate 
discrimination can be determined either by experimental comparison ofRFLP patterns, or 
by computer analysis of the sequences to identify restriction sites based on the known 
cleavage sites of a given enzyme. 

A phylogenetic tree based on the alignment of the novel sequences reported here 
and the two already published is shown in Figure 1 and demonstrates that the approach of 
the invention will clearly distinguish between all five of the current genomovars and also 
newly defined groups within the B. cepacia complex. This includes two sub-groups 
designated as RG-A and RG-B within genomovar 171. The process of speciation of B. 
cepacia based upon RFLP using the recA gene scheme has been rigorously tested. It is 
highly discriminatory, reproducible and can be done using standard polymerase chain 
reaction techniques followed by agarose gel-electrophoresis. 

It will be appreciated by persons skilled in the art, however, that while RFLP is a 
highly suitable method for evaluating nucleic acid sequence variations when (as in this 
case) enzymes can be identified which discriminate between the sequence variants, it is not 
the only method for making such a detennination. Thus, nucleotide sequence information 
used in the method of the invention can be obtained by any other technique, including 
sequencing through at least the relevant regions of the recA gene; and the use of sequence- 
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Lion, The485basepa i r^=n,gene rate dusi» g prin,=rsBRCU. andB*CU2,s 
^cMy suiud for dM seeing, since its leng* * amenable .0 compare 

comparisonofmeenuregeneaerprence. I. is, however, a more rapid approach^ 

is of an opdmal size for aetata, Genomovar-specifrc RfLP of mrs Gagmen, can - 

be performed .0 provide specianon of* cepacia complex. ...... 

A^eral.emadveforob.aim.g.uc^de^ence—o^acameof 

„ ofUrevariaMeregioniacomplemen^^UrepHmer. Ureses .cPCR 

ofeachgenomovar. t 

The following are non-limiting examples of genomovar-spec* pnmers. The 

g e_ do no. produce ampliflcadon products under srtngen, PCR condmons. 
(i) B. multivorans specific rea4 primers: 

Forward primer (BCRBM1): ^ ^ ^ ^ 

5'- CGG CGT CAA CGT GCC GGA T - 3' 

Reverse primer (BCRBM2): SEQ lDNo.23 
5- - T CCA TCG CCT CGG CTT CGT - 3' 

PCR product expected from B. multivorans strains = 714 bp. 

(ii) B. vietnamiensis specific recA primers: 
Forward primer (BCRBV1): 
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5'- GGG CGA CGG CGA CGT GAA - 3' SEQ ID No 24 

Reverse primer (BCRBV2): 

5' - TCG GCC TTC GGC ACC AGT - 3' SEQ ro No 25 

PCR product expected from B. vietnamiensis strains = 378 bp. 

(iii) B. cepacia Genomovar IV specific recA primers: 
Forward primer (BCRG41): 

5' - ACC GGC GAG CAG GCG CTT - 3' SEQ ID No. 26 

Reverse primer (BCRG42): 

5' - ACG CCA TCG GGC ATG OCA - 3' SEQ ID No. 27 

PCR product expected from B. cepacia strains of genomovar IV = 647 bp. 

(iv) B. cepacia genomovar in, RG-B recA specific primers. 
Forward primer: 

5' - GCA AGT CAT CGC TGA GAA - 3' SEQ ID No. 28 

or 

Forward primer: 

5' - GCT GCA AGT CAT CGC TGA A - 3' SEQ ID No. 38 

Reverse primer): 

5' - TAC GCC ATC GGG CAT GCT - 3' SEQ ro No 29 

PCR product expected from strains of this new genomovar classification = 781 bp. 

(v) B. cepacia genomovar I specific recA primers: 
Forward primer (BCRG11): 

5' - CAG GTC GTC TCC ACG GGT - 3' SEQ ID No. 30 

Reverse primer (BCRG12): 

5' - CAC GCC GAT CTT CAT ACG A - 3' SEQ ID No 31 

PCR product expected from strains of genomovar I = 492 bp. % 

(vi) B. cepacia genomovar in, RG-A specific recA primers: 
Forward primer (BCRG3 1 ) 

5' - GCT CGA CGT TCA ATA TGC C - 3' SEQ ID No. 32 

Reverse primer (BCRG32): 



PCT/CA99/00813 

WO 00/14274 

-9- 

SEQIDNo.33 

y.TCGAGACGCACCGACOAO-3' 

PCR product expected iron, B. cepacl, stains of genontovar III - 37S bp. 

"on- *~ — — - - rg -° ™ ro m t rr 

Comparative alignment of the rec* sc 4 fo ii ow ine 
Rce U^c e se M b 1 cd«hedesi E nofRQ-C S pec*pnr„ OT w 1 * tbe follows 

sequences: 

Forward Primer. se q jjj No 39 
GTCGGGTAAAACCACGTG 

Reverse Primer: se q jp No 40 
TCCGCAGCCGCACCTTCA 

, w„c *r B BC-F and AMMD all tested positive with this RG-C 
nrimerset Thus, these primers can be used in anaiyu^ 

• !H *e invention *. provides reagents and bits soi.able for e»yu,g m 
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accordance with the invention are primers/probes which can be used to selectively amplify 
and/or detect one genomovar of bacteria of the B. cepacia complex. The reagents of the 
invention may have a detectable or capturable label, for example a radioactive or 
fluorescent label or biotin, incorporated therein to facilitate evaluation of nucleotide 
sequence information. 

Either of these types of primers/probes may be packaged in a kit with suitable 
reagents. These reagents may include discriminatory restriction enzymes, which are 
capable of producing distinctive fragment patterns to permit speciation of a bacteria- 
containing sample, or reagents suitable for PCR, nucleic acid sequencing and the like. 

Once the species of a sample bacterium of the B. cepacia complex is determined 
using the method of the invention, it may be desirable (particularly where the bacteria is a 
member of an epidemic strain) to be able to provide a therapeutic agent which is effective 
in treating or preventing infection. Thus, the present invention further provides a vaccine 
composition based upon the antigenic properties of the flagellin of epidemic strains of A 
cepacia complex for use in treating infections caused by certain species of the B. cepacia 
complex. 

The use of flagellins as an antigen for vaccine purposes has been proposed in a 
variety of instances because of their location on the outside of bacterial cells. In the case 
of B. cepacia complex, however, Hales et al., J. Bacterial. 180: 1110-1118 (1998), have 
reported that the flagellin gene (fliC) is "highly variable" and suggest its utilization as a 
biomarker for epidemiological and phylogenetic studies of Burkholderia cepacia. Such 
variability is inconsistent with the normal requirements that a vaccine antigen be highly 
conserved, such that its will be generally effective against variants of the target species. 
Thus, it was quite surprising to find that the subset ofB. cepacia complex which is most 
transmissible have highly conserved flagellin genes which is suitable for use as a vaccine. 

A total of 30 strains of bacteria of the B. cepacia complex were classified using the 
speciation method of the invention into groups based on the sequence of the recA gene, 
and were in addition characterized with respect to the BCESM and cblA markers for 
highly transmissible strains of B. cepacia. As reflected in Table 1, a substantial portion of 
the genomovar HI strains which were positive for one or both of these markers produced a 
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singie RFLP padem (Fig. 3, pa«en- G) after ireabnen, with the resmorion encase 

„ hic h ene^es «h« maior — protein of ft* barter* « *^ 

to bribed in *e mendore by Ha.cs - a,, (supra). Ushrg flre sanre 

by Haies ft has been defined flra. ft. flag* genes of A ^ - of ^ type 
m^ova I m>fl.^R F LPpa«e„0)a r e n i gU ,c W e4 m ddo M .v M , 

v.cctae.agaJnafiaemos.p^len^srt.sinpaaenBwi.hoya.cfl^CT. 

n) which appear iess problematic in padenrs with CF and do no, generally spread anrong 
l„.s Z flagemn genes »hich a. highly variable in seance. T,esa da,a sogges 

aenlgi nosa in CF. Thus, the obse„adon, daa. ft. ftageflin gene . actuaHy fcgMy 

apparenftyuni.p.e.o.hissuhse.ofd.espeeiesofteir.^co.nple, 

^obse^ondaat^flagdiin^eisconservedan^gB.^^ 
are epidemic arnongs, patien* wfth CF penuirs dre d=ve,opmen, o, . b- 
ondaaenclproieinandge, Tuscan be preparedness. Frr* 
U can be pnrifled from sKains rep— of dtis group ,0 obrem a 

^ueneyofvaeeineadr^nis^onarede^inedbyro^inemonftonngofannbo* 

og^eed-ep^on .hereof r»ay 
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also be prepared using, for example, recombinant technology. Thus, for example, cDNA 
encoding flagellin or an immunologically effective portion thereof may be cloned into a 
host organism and expressed to produce flagellin antigen. Smaller antigenic peptides may 
also be made synthetically. As used herein, the term "derived from" refers to proteins or 
peptides which are either isolated directly from bacteria of the B. cepacia complex, or 
which have the same amino acid sequence but which are obtained synthetically or by 
expression in a host organism. 

Vaccine compositions in accordance with the invention comprise the flagellin or 
flagellin-derived antigen, in a pharmaceutically acceptable carrier. In general such carriers 
will be aqueous media, and may include buffers, emulsifiers, or adjuvants to enhance the 
immune response. Antigenic proteins or peptides may also be provided in association with 
lipid-carriers, e.g., liposomes or other lipid particles, in the vaccine composition. 

The composition of the invention may also include other materials which are more 
indirectly derived from flagellin, and which provide immunoprotective therapeutic 
benefits. For example, human antibodies specific to B. cepacia flagellin or 
immunologically effective portion thereof are considered to be "derived-from" flagellin in 
accordance with the invention. Such antibodies may be administered to individuals with 
B. cepacia, genomovar III infections, to help combat the progression of infection. Such 
therapy is particularly suitable in end-stage B. cepacia infection when antibiotics and anti- 
inflammatory therapy have failed. 

Vaccination may also be carried out using DNA vaccines of the type described 
generally in US Patent No. 5,580,859, which is incorporated herein by reference. DNA 
vaccines comprise a sequence encoding the desired protein or peptide antigen, optionally 
in combination with a regulatory element to control expression of the antigen. The DNA 
vaccine, which may be naked or incorporated in a carrier such as a liposome, is 
administered by subcutaneous or intramuscular injection. A "gene gun" may be used for 
administration. 
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F.XAMPLE I 

Restriction fragment length polymorphisms (RFLP) of the 1 6S rRNA gene 
amplified from strains from the B. cepacia complex were determined. The amphfied 
fragra entofthe 1 6S rRNA gene was digested with the enzyme Dde I and the resulting 
products separatedby agarose gel electrophoresis. Species specific patterns where found 

sequence variation in the 16S rRNA gene was insufficient to distinguish among strains 
from genomovars I, III and IV. 

F Y AMPLE 2 

The novel DNA sequences of 16 recA gene,, from 1 6 strains of Ihe genomovar 
representative panel shown in Table 1, have now teen obtained by conventional DNA 
serene, analysis of ^iotKOffcer^ gene Rifled by PC DNAsequence 
^w.r^inco.^onwittPr.UoBanDavlesatT^GonD^t., 

,„e., Vancouver, BC, rasing an AB1 377 Nudeotide Sequencer. The .040 bp recA gene 
was split into two -520 bp PCR products .0 facilitate complete sequence analysr, The 
primer pairs used were as follows: 
(i) 5' - portion of the recA gene: 

Forward primer BCRl: SEQIDNo.3 
5- - TGA CCG CCG AGA AGA GCA A- 3 

Reverse primer BCR4: SEQIDNo.34 

5' - GCG CAG CGC CTG CGA CAT - 3 

Theseprimersam^ 

fr omallmembersofthe 5 .cepad«complextested. Nucleotide sequence from both 
strands of the amplified products was determined by direct nucleotide sequence analys, 
using primers BCRl and BCR4 respectively, 
(ii) 3' - portion of the recA gene: 

Forward primer BCR 3: SEQIDNo.35 
5 1 - GTC GCA GGC GCT GCG CAA - 3 

Reverse primer BCR 2: ^ ^ 

5- - CTC TTC TTC GTC CAT CGC CTC - 3' 
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These primers amplified a 529 bp product corresponding to the 3' half of the recA gene 
from all members of the B. cepacia complex tested (see Table 1). Nucleotide sequence 
from both strands of the amplified products was determined by direct nucleotide sequence 
analysis using primers BCR2 and BCR3 respectively. 

Because the amplified products described above overlapped in the regions 
corresponding to primers BCR3 and BCR 4, the complete 1040 bp recA gene sequences 
were derived by joining of each half of nucleotide sequence data. The alignment of these 
sequences was carried out in collaboration with Dr. Yossef Av-Gay, Dept. of Medicine, 
Vancouver General Hospital, Vancouver, BC, using the software CLUSTAL which is 
available on the internet. The two published recA sequences, b-cepd90120_l and b- 
cepu70431_l were aligned with 16 novel sequences obtained using the speciation 
scheme. Sequence b-cepk56-2_l is the recA gene of a B. cepacia strain from the same 
cable-pilus gene encoding lineage cited in PCT Patent Applications Nos. WO 97/01647 
and WO97/07237. From such a sequence alignment, the sequence variation in the recA 
gene detected by the Hae III RFLP analysis is clearly visible. These sequences can also 
be used for the design of genomovar-specific amplification/sequencing primers, and 
genomovar-specific hybridization or ligation probes. 

EXAMPLE 3 

A B. cepacia complex phylogenetic tree based on the sequence alignment of the 
novel recA genes determined was formulated as shown in Fig. 1. The alteration of single 
bases in the nucleotide sequence of genes by natural mutation over time can be quantitated 
by computer programs to an evolutionary distant which separates strains and species. 
Phylogenetic analysis of the recA sequences which I have determined clearly 
demonstrates that sequence variation in this gene can separate all five genomovars of the 
B. cepacia complex, shown by the tree in the figure. Even more interesting is the novel 
finding of two distinct groups within the strains otherwise classified within genomovar ffl. 
Thus, recA sequences derived from strains CEP511, CI 394 and PC 184, respectively, 
(Table 1) cluster as a separate group on a different branch of the tree from recA sequences 
derived form strains C6433, C4455m K56-2 and C5425. These two groups have been 
designated a RG-B and RG-A, respectively. The three strains of the RG-B are all 
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2920 (.996) and encode the BCESM (Mehe.to.ling™ e. el., J. Clin. Microbe 35: 808- 
81 6 ( 1996) The separate classification of these three strains hased on fine recA suggest 

AMPLE 4 

To obtain nucleotide sequence information about the recA genes of additional 
strains of bacteria of the B. cepacia complex (Table 1), samples of each stram were 
amplified using the following primers: 
Forward Primer (BCR1) 

SEQ ID No. 3 

TGACCGCCGAGAAGAGCAA 

Reverse Primer (BCR 2) SEQIDNo.4 
CTCTTCTTCGTCCATCGCCTC 

in Mahenthirahngam et al., 7. Ok Mcr 0 *io/. 35: 808-816 (1996)) containing 1 .5 mM 
MgCl 2 and 10-20 ng of B. cepacia DNA. Amplification was performed as follows: 30 
cycles oflmi, at 94°C, 1 mm at 56°C , and 2 mi, at 72 »C, follow by a final 6 mm cycle 
at7 2°C. Thisresulted in the amplification of a 1 kb DNA band corresponding to the recA 
gene of the B. cepacia strain being tested. 

Several restriction enzyme were screened for .heir ability to reveal DNA sequence 
variation in Una amplified gene which wonld n= snitaWe for speciation of 2>. cepacia. The 
enzymes Hae III and Alu I were fonnd to he suitably discriminatory. The restttctton 

ami the detected restriction fragment length polymorphisms <RFU>s) demonstrated nra, 
genomovar specific RFLPs conld be generated using this approach. Representative 
panemaareshowninFig.3. (Bv = B. vietnamiensis, or genomovar V; Gv I - genomovar 
,. Bm=S. Mw/f/vorons or genomovar It Gv HI "genomovar m and Gv IV ■ genomovar 
IV) This same approach has been applied to a pannl of strains which are representor™ of 
a,, five genomovars of* cepacia and been found to be nb!e to dtstingnish strains of each 
genomovar (Table 1). This technique has also been applied .0 additional strains, and been 
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found to be reproducible and highly discriminatory for speciation of strains from the B. 
cepacia complex. 

EXAMPLE g 

To obtain nucleotide sequence information about the recA genes of 30 
strains of bacteria of the B. cepacia complex (Table 1), samples of each strain were 
amplified using the following primers: 
Forward Primer (BCR1, %G/C Tm =53.2°C) 

TGACCGCCGAGAAGAGCAA SE q m No 3 

Reverse Primer (BCR 2, (%G/C Tm =56.3 °C) 

CTCTTCTTCGTCCATCGCCTC SE q m No 4 

using a standard polymerase chain reaction mixture of 25 microlitres in volume (described 
in Mahenthiralingam et aL, J. Clin. Microbiol. 35: 808-816 (1996)) containing 1.5 mM 
MgCl 2 and 10-20 ng of B. cepacia DNA. Amplification was performed as follows: 30 
cycles of 1 min. at 94°C, 1 min. at 56°C , and 2 min. at 72°C, follow by a final 6 min. cycle 
at 72°C. This resulted in the amplification of a 1 kb DNA band corresponding to the recA 
gene of the B. cepacia strain being tested (Fig. 2A). 

Several restriction enzyme were screened for their ability to reveal DNA 
sequence variation in this amplified gene which would be suitable for speciation of B. 
cepacia. The enzymes Hae III and Alu I were found to be suitably discriminatory. The 
restriction fragments produced by the enzyme Hae III were separated by agarose gel- 
electrophoresis (Fig. 2B) and the detected restriction fragment length polymorphisms 
(RFLPs) demonstrated that genomovar specific RFLPs could be generated using this 
approach (Bv = B. vietnamiensis, or genomovar V; Gv I = genomovar I; Bm = B. 
multivorans or genomovar II; Gv in = genomovar III and Gv IV = genomovar IV). 

EXAMPLE 6 

Bacterial strains identified in Example 5 as belonging to RFLP group G 
were epidemic strains of genomovar III which encode the BCESM DNA. When the 
flagellin gene of these strains was amplified using the PCR primers as described in Hales 
et al., a 1 kb product corresponding to the flagellin gene was obtained. Sequence variation 
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in amplified flage.lm gene was again delected using the re.nio.ion enzyme Hoe 1U. The 
RPLPoftheAagelhn genes was Ughly conserved demon^ting mat bo* *e gene andtire 
encoded protein are very conserved in sequence. The conservation in sequence of fire 
flagellin ofthe* epidemic stains suggest tha, fire flagellum is an idea! eandidare upon 
which to develop a vaccine able .0 protect against B. cepacia infection with these 
problematic straintypes. This novel observation on the conservation of the flagellin gene 
andprotein of epidemic*^ stiaintypes is in contrast.0 the variation reported ,n 
Hales e, al. and that which is observed for ft attains (genotnovar II) whtch ,s 

described in Example 7. 

py AMPLE 7 

Using the same scheme outlined in Example 6, the flagellin gene in B. 
^^(genomovarlOsti.mswhichcoloniaedpaden^endingclmtcmVancouver 

was examined. These strains we. of a slugler^ tyre, BM-F,demonstia«ing fin,, fitey 
areasinglespeciesWcB.-^ ^enflteflageUm gene offlr.se sttains was 
examincfius ta gPCRamp,i fi cati„nfo,lowedbyRFLPanafysiswimffne.n,«hegeneof 

each of 0,. attains examined washi^ly variable. This suggest ma. tite flagellum may no, 
beasusem.mpro.ec.ionagains.inftctionwi.hmesesttaincypes. However, mfectton 
wifii fltcse B. tmdtivortms appears not to be as problematic as infection with the epidemic 
recA ffl-G/BCESM positive strains. 

PVAMPI.E8 

Thirteen isolates having useful biological properties were evalualed to 
determtnetherec, group .0 which .he isola.es belong. Tfie maul* offitese and other teas 
are summarized in Table 2. Two attains within fite ATCC collection with in.erea.mg 
catabobc properties (ATCC 29424 and ATCC 536.7) were classified as B. **— 
on the basis of both 16S rRNA ARDRA and recA analysis. Of fire remaiumg 11 
commercially useful strains, all possessed ARDRA polymorphisms characteristic of B. 
cepacia genomovars I, ffl(RO-A and RG-B) and IV. Sttain ATCC 49709, a sced- 
tteatmentbiocontrol attain, was classified as genomovar ! by ^ RFLP and specif, 
recA-KK Sttains M36, BC-1 and BC-2, bioconttol attains isolated from flte rhiznsphere 



WO 00/14274 



PCT/CA99/00813 



-18- 

of maize crops, possessed recA RFLP types characteristics of genomovar III, group RG-B 
and all tested positive in RG-B specific PCR. The remaining seven strains all possessed 
novel recA RFLP types and were not reactive for any of the genomovar/ sub group specific 
PCR primers described above. 

Information of the type developed in this assay can potentially be used to 
assess the safety of strains of B. cepacia complex for commercial applications, including 
agricultural applications. Prior to this invention, no distinct criteria were established for 
division of pathogenic from non-pathogenic bacteria of the B. cepacia complex. However, 
the biologically useful strains tested were found to belong to several recA phylogenetic 
groups. Some strains cluster within the genomovar III, recA subgroup RG-B, which is the 
same subgroup to which a number of well-characterized pathogenic strains belong. This 
includes strain M36, which encodes the BCESM and which has been withdrawn from sale 
by the manufacturer. On the other hand, a number of the strains also belong to other 
subgroups which are not associated with pathogenicity. Thus, recA analysis may provide 
a simple method for screening biocontrol strains and other potentially useful members of 
the B. cepacia complex to identify strains that are less likely to raise health and public 
safety issues in their use. Furthermore, a number of the biocontrol strains were found to 
occupy a novel recA phylogenetic subgroup, RG-C. The RG-C specific PCR primers, or 
other tests based on the sequence analysis performed on clinical isolates indicate that RG- 
C strains are not encountered in human infections, and appear specifically adapted to the 
plant rhizosphere, they may prove to be the best template upon which to continue to 
development of safe biocontrol strains. 



WO 00/14274 



PCT/CA99/00813 



-19- 



Provisional list of strains in 



TABLE 1 

the B. cepacia complex experimental panel 



ID Strain 
No. Name: 



Genomovar: 



Source:' RAPD b BCESM:" cblA: Gene RFLP 

type: tYP* 

recA/Hae III 



1 

2 
3 

4 
5 
8 
6 

7 
9 

10 
11 
12 
13 
14 
15 



16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 



PC259 
LMG 16232 
ATCC 
39277 

LMG 10929 
C2822 
FC0441 
ATCC 
25416 
CEP0509 
ATCC 

17759 
C5393 

C3430 

C5274 

C5568 

249-2 

ATCC 

17616 

LMG 13010 
JTC 
C1257 
BC7 
J2315 
C5424 
LMG 12615 
C6433 
C4455 
C1394 
PCI 84 
CEP0511 
LMG 14291 
LMG 07000 
LMG 14294 



B. vietnamiensis (V) 
B. vietnamiensis (V) 
B. vietnamiensis (V) 



B. vietnamiensis (V) 
B. vietnamiensis (V) 
B. vietnamiensis (V) 
I 

I 
I 

B. multivorans (II) 
B. multivorans (II) 
B. multivorans 01) 
B. multivorans (II) 
B. multivorans (II) 
B. multivorans (II) 

B. multivorans (H) 
B. multivorans (II) 
III 
III 

in 
in 
in 
III 
III 
III 
III 
III 

IV 
IV 
IV 



CF 
CF 
ENV 

ENV 
CF 
CGD 
ENV 

CF 
ENV 

CF 

CF 

CF 

CF 

LAB 

ENV 

CF 
CGD 
CF-e 
CF-e 
CF-e 
CF-e 
CF-e 
CF-e 
CF-e 
CF-e 
CF-e 
CF-e 
CF 
CLIN 
CF 



8 
X 
X 

X 
X 
61 
39 

41 
X 

3 
7 

12 
19 
30 
30 

X 
X 

1 

2 
2 
2 
2 
4 
6 
13 
17 
40 
X 
16 
16 



A 
A 
C 



16S 

rRNA/ 

Ddel 







B 


1 






B 


1 






A 


1 






D 


2 




+ 


E 


2a 




_ 


E 


2a 


_ 




F 


3 


m 


- 


F 


3 


_ 




F 


3 
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3 
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F 


3 






F 


3 
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3 
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+ 
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2 
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2 
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G 


2 
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G 


2 


-+ 




G 


2 


+ 




G 


2 






G 


2 


+ 




H 


2 


+ 




J 


2 


+ 




I 


2 






J 


2 






J 


2 






J 


2_ 



r MmW L ree of isotoe; CF, cystic fibre* Mcction; CF-e, epidemic name* CF P^CSl): 
^ environment; CGD, infection of, ctonic grannlometous i*t*x patient, LAB, 

• SmSS* <>*> -** Mtm^imnngsm - * TO 



WO 00/14274 



-20- 



PCT/CA99/00813 



c 

fi.S 
<£ .§> 
& o 



U 



< 

co ^ 



CO 

w 
U 
CO 



< 



u 
u 

H 
< 



6 

00 
CO 



Q 



< 



o 



CO CO 



CO 
G 



I 8 



2 



CO < < 



CO 00 

D D 



<u 



"i 

CO 



g CQCQCQOOOOOO 
ffl ffl 2 o ^ ^ ^ ^ g 



^-M(N(N(N(NNM(S(S(SM 



| | 



.5 
"co 



o 



•13 

8 

co 

-a 
■s 

a 

o ^ 
o ^ 

■8 « 

§• 

S CD 
H CO 
£ CO 



CO 

C 
cS 



S .S .S .£ 

CO CO 03 3 

-b h £ 



00 



co 



CO 



to 



co co co .5 

?-! h* 



CO ^ 



CO 



co 



o 



5 55 5 -o 



s 

3 
o 

o .22 



o 

CO 

T3 
"cD 



(3 

o 
o 
o 

if 

JO 

"o 



<l> 

CO 



I 

o 
o 
o 

IS 



CO CO 



CO 



to 



! 

o 

.2 
IB 

I 

o 



2 .2 .2 .2 .2 .2 .° 2 ° 



c 

8 

O 

B 

JO 

o 



% % 

c c 
o 

o 8 

JD S 

+-> 

OS 

o 



o 

co 



2 
c 
o 
o 
o 

■»— > 

O 



I 2 

6 6 



E £ 

& & 

S 8 

e e 

3 3 



CD 
J3 

o 



4> 



O 
N 



CD 

JS 

& 

co 
O 
N 



CD <D CD 

«-< u, 25 

CD CD CD 

-c jh 

CX Q« Q, 



o 



o 

N 



9 w 

N o 



I I I 

c3 c3 c3 



as 



ON 

o 

OS 



ON 

co 

U U a 
P O U 



< 



5 



Sou „ 

2 CQ CO S 



CO 

0* 



CN 

m 

u 
< 



u u 

CQ CQ 



O 

E 

CD 
C 



o 

I 

"c0 
W) 
c 

a 

i 

CD 

-o 

.1 

5 



o 



WO 00/14274 



PCT/CA99/00813 



-21- 



Claims 

, . A method for identification and speciation of baeteria of the Burkholderia 

cepacia complex in a sample, comprising the steps of 

(a) obtaining nucleotide sequence information for the recA gene m 
bacteria of the Burkholderia cepacia complex found in the sample; and 

(b) comparing the nucleotide sequence information obtained for the 

standard library of nucleotide sequence information comprising standard nucleot.de 
sequence information for at least three species of bacteria otto Burkholderia cepacia 
complex. 

2 The method of claim 1, wherein the nucleotide sequence information for 
bactena of the Burkholderia cepacia complex in the sample and in the standard library are 
obtained by evaluation of restriction fragment length polymorphism. 

3. The method of claim 2, wherein the restriction fragment polymorphism is 
carried out using the restriction enzyme Haelll or AM. 

4 The method of any of claims 1 to 3, wherein the recA gene in the bacteria 
acid polymers in the sampleprior to obtaining the nucleotide sequence infonna.cn. 

5. The method of claim 4, wherein the recA gene is amplified using PCR 
amplification. 

6 . The method of claim 5, wherein the PCR amplification is carried out using 
the following primers: 

Forward Primer SEQIDNo.3 
TGACCGCCGAGAAGAGCAA 

Reverse Primer 



WO 00/14274 



PCT/CA99/00813 



-22- 

CTCTTCTTCGTCCATCGCCTC. 



SEQ ID No. 4 



7. The method of claim 5, wherein the PCR amplification is carried out using 
the following primers: 

Forward Primer 

TGCGGATGGGCGACGGCG SEQ ID No. 20 

Reverse Primer 

CAGTTCTGTCGCTTGATCG. SEQ ID No. 21 

8. A composition comprising a pair of polynucleotide primers effective to 
amplify the recA gene of bacteria of the Burkholderia cepacia complex, wherein the 
primers are effective to amplify at least a diagnostic portion of each of the genes given by 
SEQ ID Nos. 1,2 and 5-19. 

9. The composition of claim 8, wherein the polynucleotide primers have the 
sequences: 

Forward Primer 

TGACCGCCGAGAAGAGCAA SEQ ID No 3 
Reverse Primer 

CTCTTCTTCGTCCATCGCCTC. SEQ ID No 4 

1 0. The composition of claim 8, wherein the polynucleotide primers have the 
sequence: 

Forward Primer 

TGCGGATGGGCGACGGCG SEQ ID No. 20 

Reverse Primer 

CAGTTCTGTCGCTTGATCG. SEQ ID No. 21 

11. A kit for speciation of bacteria of the Burkholderia cepacia complex, 
comprising, in packaged combination, a pair of polynucleotide primers in accordance with 
any of claims 8 - 10, and a discriminatory restriction endonuclease. 



WO 00/14274 



PCT/CA99/00813 



12. The kit 



-23- 

it of claim 1 1 , wherein the restriction endonuclease is Haelll or AM. 



13 A composition comprising a genomovar-specific primer pair effective 
under stringent PCR conditions to produce amplification products by amplification of at 
^taportionofthe^geneofbacteriabelongingtoonegenomovarofme^ce^a 

complex, but not to produce amplification products from bacteria belonging to other 
genomovars. 

,4 The composition according to claim 13, wherein the genomovar-speciiic 
primer pairs are select from among me following primer pairs given by Se, ID Nos. : 
22 and 23, 24 and 25, 26 and 27, 28 and 29, 30 and 3 1 , or 32 and 33. 

15 A kit for speciation of bacteria of the Bwkhclderia cepacia complex, 
comprising, in packaged combinarion, a pair of genomovar^cific polynucleotide 
primers ,„ accordance with claims 1 3 or 14 and a discriminatoty resection endonuclease. 

,6. The kit of claim 15, wherein the restriction endonuclease ia HaeUI <x Alul. 

17 A vaccine composition for treatment or prevention of infection with 
bacteria of me MMM. cepacia complex, wherein the bacteria is a member of 
genomovar HI and has a nucleotide sequence for me recA gene which produces a G-type 
MLP pa tt em when analyzed with flte resWCon enzyme tfne,//, and wherein the vacctne 
composition comprises flagellin or a flageUin-derived antigen or a polynneleohde 
encoding flagellin or a flageUin-derived antigen. 
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SEQUENCE LISTING 

<U0> University of British Columbia 
Mahenthiralingam, Eshwar 

> * identification and Speciation of 

<120> r a cfe r ia°of1he1SUaria Cepacia Complex 

<130> 80472-5 

<140> 
<141> 

<150> 60/099,115 
<151> 1998-09-03 

<150> 60/099,116 
<151> 1998-09-03 

<160> 40 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 1044 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> recA gene 

— •» -3SS5S 5553 SS= S 
3SSS S~g 352 SSS" SEE 

gtggtcgaga tctacgggcc ggaatcgtcc 99caagac * cgcgctcgac 300 

Iccgagctlc agaagctggg ^ c ^ac Itlccggatc tgctgatctc gcagccggac 360 
gtccagtacg cggcgaagct cggcgtcaac ^gccgg 9 ga tcgacatg 420 

accggcgagc aggcgctcga aatcaccgac gcgctgg g aaatcgaagg cgagatggg c 480 
atcgtcatcg actcggtcgc ggcgctcgtg ccga gg s gctgacgggc 540 

gatlcgctgc cgggcctgca 99W*g Jtcatcaacc agatccgcat gaagatcggc 600 
Lgatcaagc gcacgaactg ggC ggcaacg cgctgaagtt ctatwgtcg 660 

gtgatgttcg gcaacccgga g c * agaaga acgacgaggt g^tcggcaac 720 

gtgcgtctcg acatccgccg 9 atc 99<*^ atatcqccgc cgttccgcga agcgatcttc 780 
laaacgcgcg tgaaggtcgt ^gaacaag ^gtcgccg 9^ cggcgtgca g 840 

ssa ssss ssss sgs =335 sra I 

55S5S EES SS55 !« — ™ aa iSS 

gccgaggcga tggacgaaga agag 



<210> 2 
<211> 1044 



1A15 
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<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> recA gene 
<400> 2 

atgaccgccg agaagagcaa ggcgctggcg gccgcactcg cgcagatcga gaagcagttc 60 
ggcaaagggt cgatcatgcg gatgggcgac ggcgacgtga aggaagacat ccaggtcgtc 120 
tccacgggct cgctgggcct cgatatcgcg ctcggcgtcg gcggcctgcc gcgcggccgg 180 
gtggtcgaaa tctacggtcc ggaatcgtcc ggcaagacca cgctcacgct gcaggtgatc 240 
gccgagctgc agaagctggg cggcacggca gccttcatcg acgccgagca cgcgctcgac 300 
gtccagtacg cggcgaagct cggcgtgaac gtgccggagc tgctgatctc gcagccggac 360 
accggcgaac aggcgctcga aatcaccgac gcgctcgtgc gctcgggctc gatcgacatg 420 
atcgtcatcg actcggtcgc ggcactggtg ccgaaggccg atatcgaagg cgagatgggc 480 
gattcgctgc cgggcctgca tgcgcgtctg atgtcgcagg cgctgcgcaa gctgacgggc 54 0 
acgatcaagc gcacgaactg cctcgtgatc ttcatcaacc agatccgcat gaagatcggc 600 
gtgatgttcg gcaacccgga aaccacgacg ggcggcaacg cgctgaagtt ctattcgtcg 660 
gtgcgtctcg acatccgccg gatcggctcg atcaagaaga acgacgaggt gatcggcaac 720 
gaaacgcgcg tgaaggtcgt caagaacaag gtgtcgccgc cgttccgcga agcgatcttc 780 
gacatcctgt acggcgaggg catttcgcgt cagggcgaga tcatcgatct cggcgtgcag 84 0 
gcgaagatcg tcgacaaggc gggcgcctgg tacagctaca acggcgagaa gatcggccag 900 
ggcaaggaca acgcgcgtga attcctgcgc gagaatccgg aaatcgcgcg tgagatcgag 960 
aaccgcattc gtgaatcgct cggcgttgcc gccatgccgg atggcgcggg ccacgacgaa 1020 
ccgaggcgat gggacgaaga agag 1044 

<210> 3 
<211> 19 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> B. cepacia recA forward primer (BCR1) 
<400> 3 

tgaccgccga gaagagcaa 19 

<210> 4 
<211> 21 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> B. cepacia recA reverse primer (BCR2) 
<400> 4 

ctcttcttcg tccatcgcct c 21 

<210> 5 
<211> 1044 
<212> DNA 

<213> Burkholderia multivorans 
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<220> 

<223> recA gene 



gtggtcgaga tctacgggcc 99 aat ^^ ?S t tcatcg acgccgagca cgcgctcgac 300 
gcc^agctgc agaagctggg gcgttca g afcctc gcagccgg ac 360 

atccaqtacg cggcgaagct cggcgtcaac ggctc gatcgacatg 420 

fccggcgagc ag^cgctcga aatcacc^c J^*^ cgagatgggc 4 0 

atcgtcatcg actcggtcgc 99^0^9 ccgaagg g gctgacgggc 540 

aattcqctgc cgggcctgca ggcgcgcctg a J9"^a at gaa gatcggc 600 

acgatcfagc gcfcgaactg octjWJje tt-fc-J- 

S5SS SSS S=S3 ~* r - fcS c c 
S=S =SS == S= =552 SEES 

Icgaagatcg tcgacaaggc 39f9J?2! J»W aaaccgcg c g cgagatcgag 960 

2S2S E22S S» S«-S — 9 — 9aa iS 

gccgaggcga tggacgaaga agag 



<210> 6 
<211> 1044 

<£?> Skholderia multivorans 



<220> 

<223> recA gene 



:t£cU SSSS 23S= SSjS S 

ggcaaagggt cgatcatgcg catgggcgac ggcg gg tgcc gC gcggccgc 180 

Scacgggct cgctcgggct ^catcgca «9»«J[ cgctcacgct gcaggtcatc 24 
gtggtcgaga tctacgggcc ggaatcgtcc gg » acgc cgagca cgcgctcgac 300 
gccgagctgc agaagctggg ^caccgca gcgttca g 9 tgatctc gcagcC ggac 360 
Itccagtacg cggcgaagct cggcgtcaac gctc gggctc gatcgacatg 420 

acgggcgagc aggcgctcga aatcaccgac f^g 3 aaatcgaagg cgagatgggc 480 

sss s» sss sss sss sss 

SSS SSS SSS S5S SSS SSJ= 

Sss SSS | ss u - sss sss 

sss sss s II iss sss ss » 0 

•ESS S2S5 SS55 — — IS 

gccgaggcga tggacgaaga agag 



<210> 7 
<211> 1044 
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<212> DNA 

<213> Burkholderia multivorans 
<220> 

<223> recA gene 
<400> 7 

atgaccgccg agaagagcaa ggcgctggct gccgcactcg cgcagatcga gaagcagttc 60 
ggcaaaggtt cgatcatgcg catgggcgac ggcgaggcgg ccgaggacat ccaggtcgtg 120 
tccacgggct cgctcgggct cgacatcgca ctgggcgtcg gcggcctgcc gcgcggccgc 180 
gtggtcgaga tctacgggcc ggaatcgtcc ggcaagacca cgctcacgct gcaggtcatc 240 
gccgagctgc agaagctggg cggtaccgca gcgttcatcg acgccgagca cgcgctcgac 300 
gtccagtacg cggcgaagct cggcgtcaac gtgccggatc tgctgatctc tcagccggac 360 
accggcgagc aggcgctcga aatcaccgac gcgctggtgc gctcgggctc gatcgacatg 420 
atcgtcatcg actcggtcgc ggcgctcgtg ccgaaggccg aaatcgaagg cgagatgggc 480 
gattcgctgc cgggcctgca ggcgcgcctg atgtcgcagg cgctgcgcaa gctgacgggc 540 
acgatcaagc gcacgaactg cctcgtgatc ttcatcaacc agatccgcat gaagatcggc 600 
gtgatgttcg gcaacccgga aaccacgacg ggcggcaacg cgctgaagtt ctattcgtcg 660 
gtgcgtctcg acatccgccg gatcggctcg atcaagaaga acgacgaagt gatcggcaac 720 
gaaacccgcg tgaaggtcgt caagaacaag gtgtcgccgc cgttccgcga agcgatcttc 780 
gacatcctgt acggcgaggg catttcgcgt cagggcgaga tcatcgatct cggcgtgcag 840 
gcgaagatcg tcgacaaggc gggcgcctgg tacagctaca acggcgagaa gatcggtcag 900 
ggcaaggaca acgcgcgtga attcctgcgc gagaatccgg aaatcgcgcg cgagatcgag 960 
aaccgcattc gtgaatcgct cggcgttgcc gccatgccgg atggcgcggg ccacgacgaa 1020 
gccgaggcga tggacgaaga agag 1044 

^<210> 8 
'<2U> 1041 
<212> DNA 

<213> Burkholderia vietnamiensis 
<220> 

<223> recA gene 
<400> 8 

atgaccgccg agaagagcaa ggcgctggcg gccgcactcg cgcagatcga gaagcagttc 60 
ggcaaagggt cgatcatgcg gatgggcgac ggcgacgtga aggaagacat ccaggtcgtc 120 
tccacgggct cgctgggcct cgatatcgcg ctcggcgtcg gcggcctgcc gcgcggccgg 180 
gtggtcgaaa tctacggtcc ggaatcgtcc ggcaagacca cgctcacgct gcaggtgatc 240 
gccgagctgc agaagctggg cggcacggca gccttcatcg acgccgagca cgcgctcgac 300 
gtccagtacg cggcgaagct cggcgtgaac gtgccggagc tgctgatctc gcagccggac 360 
accggcgaac aggcgctcga aatcaccgac gcgctcgtgc gctcgggctc gatcgacatg 420 
atcgtcatcg actcggtcgc ggcactggtg ccgaaggccg aaatcgaagg cgagatgggc 480 
gattcgctgc cgggtctgca ggcgcgtctg atgtcgcagg cgctgcgcaa gctgacgggc 540 
acgatcaagc gcacgaactg cctcgtgatc ttcatcaacc agatccggat gaagatcggc 600 
gtgatgttcg gcaacccgga aaccacgacg ggcggcaatg cactgaagtt ctattcgtcg 660 
gtgcgtctgg acatccgccg gatcggctcg atcaagaaga acgacgaggt gatcggcaac 720 
gaaacccgcg tgaaggtcgt caagaacaag gtatcgccgc cgttccgcga agcgatcttc 780 
gacatcctct acggcgaagg catttcgcgt cagggcgaga tcatcgatct cggcgtgcag 840 
gcgaaaatcg tcgacaaggc cggcgcctgg tacagctaca acggcgagaa gatcggtcag 900 
ggcaaggaca acgcgcgtga attcctgcgc gagaatcccg aaatcgcgcg cgagatcgag 960 
aaccgcattc gcgagtcgct cggtgtcgtc gcgatgccgg atggcgtggt cgacgaagcc 1020 
gaggcgatgg acgaagaaga g ~ w 1041 
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<210> 9 
<211> 1041 

<212> DNA . 
<213> Burkholderia cepacia 

<220> 

<223> recA gene 



S=S5 3S3S Sg- S5S= SSS55 SgE ~ 
S5K 35=5 SSE 555= 33= S-k S 

ssss ss£ s&s ssss ==g s 

atcgtcatcg actcggtcgc 33=9=^ atgtcgC agg cgctgcgcaa gccga yy 

ess ssss sssss 3=5 S£ s 
sssss ssss £sss sass sS ssss = 

SSSSS 3S53S - Js; S5S5S SSSS Si- ■« 

gcgaagatcg tcgacaaggc 999°***; gagaatccgg aaatcgcacg ^^cJ 1020 

SSSSS SSSSS SSS& at " C9tagt 

gaggcgatgg acgaagaaga g 



<210> 10 
<211> 1041 

<212> DNA . 
<213> Burkholderia cepacia 

<220> 

<223> recA gene 



a^ccg agaagagcaa jgggj ^gSt Sgg £ 

SSSSS 3S33 Ss SSSS 55SK Sfc - 

gtggtcgaaa tctacggtcc 99^ |? gttC atcg acgccgaaca cgcgctcg^ ^ 
gccgaactgc agaagatcgg cggc s* tgccgga ac tgctgatctc gcag w, q 
gttcagtacg cgtcgaagct ^tg | gc tcgggctc gatcgac g 

accggcgagc aggcgcttga aatcaccga g g aaatC gaagg «SS«c 540 

atcgtcatcg actcggtcgc 99cgctcgtg | cgctgcgcaa 9«9a«99 6Q0 

gatlcgctgc cgggcctgca 9*#*£* ttca tcaacc agatccggat 660 
acgatcaagc gcacgaactg ^cgtgat g cgc tgaagtt ctatgcgt g 

gtgatgttcg gcaacccgga aaccacgacg acgacgaggt 9 a Jf39= 

g/gcgccttg gatcgg^tcg at^g^ ^tc 

SSSSS SSSSS -sss 25S3: SSSSS /-ggccag 900 

gcgaagatcg tcgacaaggc gggcgcctgg 
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ggcaaggaca acgcgcgtga attcctgcgc gagaatccgg aaatcgcacg cgagatcgag 960 
aaccgcattc gcgaatcgct cggtgtcgtt gccatgcccg atggcgtagt caacgaagcc 1020 
gaggcgatgg acgaagaaga g 1041 

<210> 11 
<211> 1041 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> recA gene 
<400> 11 

atgaccgccg agaagagcaa ggcgctggcg gccgcactcg cacagatcga gaagcagttc 60 
ggcaagggct cgatcatgcg catgggcgac ggcgaggcgg ccgagaatat ccaggtcgtc 120 
tccacggggt cgctgggtct cgacatcgcg ctgggcgtcg gcggtttgcc gcgcggccgg 180 
gtggtcgaga tctacggtcc ggaatcgt cc ggtaaaacca ccctcacgct gcaagtcatc 240 
gctgaactgc agaagatcgg cggcacggca gccttcatcg acgccgagca tgcactcgac 300 
gtccagtacg cgtcgaagct cggcgtgaac gtgccggaac tgctgatctc gcagccggac 360 
accggcgagc aggcgctcga aatcaccgat gcgctggtgc gctcgggctc gatcgacatg 420 
atcgtcatcg actcggtcgc ggcgctcgtg ccgaaggccg aaatcgaagg cgagatgggt 480 
gattcgctgc cgggcctgca ggctcgcctg atgtcgcagg cgctgcgcaa gctgaccggc 540 
acgatcaagc gcacgaactg cctcgtgatc ttcatcaacc agatccggat gaagatcggc 600 
gtgatgttcg gcaacccgga aaccaccacg ggcggcaacg cgctgaagtt ctattcgtcg 660 
gtgcgtctcg acattcgccg gatcggctcg atcaagaaga acgacgaggt gatcggcaac 720 
gaaacccgcg tgaaggtcgt caagaacaag gtgtcgccgc cgttccgcga agcgatcttc 780 
gacatcctgt acggcgaagg catttcgcgt cagggcgaga tcatcgatct cggcgtgcag 840 
gcgaagatcg tcgacaaggc cggcgcctgg tacagctaca acggcgagaa gatcggccag 900 
ggcaaggaca atgcgcgtga attcctgcgc gagaatccgg aaatcgcacg cgagatcgag 960 
aaccgcatcc gcgaatcgct cggtgtcgtc agcatgcccg atggcgtagc caacgaagcc 1020 
gaggcgatgg acgaagaaga g 1041 

<210> 12 
<211> 1041 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> recA gene 
<400> 12 

atgaccgccg agaagagcaa ggcgctggcg gccgcactcg cacagatcga gaagcagttc 60 
ggcaagggct cgatcatgcg catgggcgac ggcgaggcgg ccgagaatat ccaggtcgtc 120 
tccacggggt cgctgggtct cgacatcgcg ctgggcgtcg gcggcctgcc gcgcggccgg 180 
gtggtcgaga tctacggtcc ggaatcgtcc ggtaaaacca ccctcacgct gcaagtcatc 240 
gctgaactgc agaagatcgg cggcacggca gccttcatcg acgccgagca cgcgctcgac 300 
gtccagtacg cgtcgaagct cggcgtgaac gtgccggaac tgctgatctc gcagccggac 360 
accggcgagc aggcgctcga aatcaccgat gcgctggtgc gctcgggctc gatcgacatg 420 
atcgtcatcg actcggtcgc ggcgctcgtg ccgaaggccg aaatcgaagg cgagatgggc 480 
gattcgctgc cgggtctgca ggctcgcctg atgtcgcagg cgctgcgcaa gctgaccggc 540 
acgatcaagc gcacgaactg cctcgtgatc ttcatcaacc agatccggat gaagatcggc 600 
gtgatgttcg gcaacccgga aaccaccacg ggcggcaacg cgctgaagtt ctattcgtcg 660 
gtgcgtctcg acattcgccg gatcggctcg atcaagaaga acgatgaggt gatcggcaac 720 
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rQM tqaag gtcgt caagaacaag gtgtcgccgc ^tccgcga agcgatcttc ^ 
£SSK <™ g S55S acSa 9 aa gate* ,ccag "J 

legaagateg gSg" gagaatC cgg jjgQj. io20 

Sccgfatcc gegaatcget cggtgtcgtc agcatgcccg atggcgt 
gaggegatgg acgaagaaga g 



<210> 13 
<211> 1041 

<212> DNA . 
<213> Burkholderia cepacia 



<220> 

<223> recA gene 



Sss sg ISE Ss IS S | 

SS£ S2SS -sss SSSS »~ 

Sg SSS S s== Si SI 5 
535 £ss sis Eli sas » S 

Lgatcaagc gcacgaaccg =«99C9« cgctgaagtt 

gtgatgtccg gcaaocogga «~»^ a ™ g c S g .aga asgacgaggt "J 

9t9C9t " c = 9 a £S *•»■"■£ 3S3E5 »• 
SSS5 SSi «2g -5555 SS«- 5252 •» 

9 gcgaaga t cg tcgacaaggc Wg« gag „ tccgg aaatcgc.cg 10J „ 
SccgfaS gSaSgct cggtgtcgtc agcacgcccg atggcgtag 
gaggegatgg acgaagaaga g 



<210> 14 
<211> 1041 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> recA gene 



-Sis 3= =S SSi iSs 5SM S 

gattegctge cgggcctgca ggcccgccty 
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acgatcaagc gcacgaactg cctggtgatc ttcatcaacc agattcgtat gaagatcggc 600 
gtgatgttcg gcaacccgga aaccacgacg ggcggtaacg cgctgaagtt ctatgcgtcg 660 
gtgcgtctcg atatccgccg gatcggctcg atcaagaaga acgacgaggt gatcggcaac 720 
gaaacccgtg tgaaggtcgt caagaacaag gtgtcgccgc cgttccgcga agcgatcttc 780 
gacatcctgt atggcgaggg catttcgcgt cagggcgaga tcatcgatct cggcgtgcag 840 
gcgaagatcg tcgacaaggc aggcgcctgg tacagctaca acggcgagaa gattggccag 900 
ggcaaggaca acgcgcgtga attcctgcgc gagaatccgg aaatcgcgcg cgagatcgag 960 
aaccgcatcc gcgaatcgct cggcgtcgtc gcaatgcccg atggtgcagg caacgaagcc 1020 
gaggcgatgg acgaagaaga g " 1041 

<210> 15 
<211> 1041 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> recA gene 
<400> 15 

atgaccgccg agaagagcaa ggcgctggcc gccgcgcttg cccagatcga gaagcagttc 60 
ggcaagggct cgatcatgcg catgggcgac ggcgaggcgg cggaagatat ccaggtcgtc 120 
tccacgggtt cgctgggcct cgatatcgcg cttggcgtcg gcggcctgcc gcgcggccgg 180 
gtggtcgaga tctacggccc ggaatcgtcc ggtaaaacca cgctcacgct gcaggtcatc 240 
gccgagctgc agaagctggg cggcaccgca gcgttcatcg acgccgagca cgcgctcgac 300 
gtccagtacg cgtcgaagct cggcgtgaat gtgccggagc tgctgatttc gcagccggac 360 
accggcgagc aggcgctgga aatcaccgat gcgctggtgc gctcgggctc gatcgacatg 420 
atcgtcatcg actcggtcgc ggcgctcgtg ccgaaggccg aaatcgaagg cgagatgggc 480 
gattcgctgc cgggcctgca ggcccgcctg atgtcgcagg cgctgcgcaa gctgaccggc 540 
acgatcaagc gcacgaactg cctggtgatc ttcatcaacc agattcgtat gaagatcggc 600 
gtgatgttcg gcaacccgga aaccacgacg ggcggtaacg cgctgaagtt ctatgcgtcg 660 
gtgcgcctcg atatccgccg gatcggctcg atcaagaaga acgacgaggt gatcggcaac 720 
gaaacccgcg tgaaggtcgt caagaacaag gtgtcgccgc cgttccgcga agcgatcttc 780 
gacatcctgt atggcgaggg catttcgcgt cagggcgaga tcatcgatct cggcgtgcag 840 
gcgaagatcg tcgacaaggc aggcgcctgg tacagctaca acggcgagaa gattggccag 900 
ggcaaggaca acgcgcgtga attcctgcgc gagaatccgg aaatcgcgcg cgagatcgag 960 
aaccgcatcc gcgaatcgct cggcgtcgtc gcaatgcccg atggtgcagg caacgaagcc 1020 
gaggcgatgg acgaagaaga g 1041 

<210> 16 
<211> 1041 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> recA gene 
<400> 16 

atgaccgccg agaagagcaa ggcgctggcg gccgcgctcg cgcagatcga aaagcagttc 60 
ggcaagggct cgatcatgcg gatgggcgac ggcgaagcgg ccgaggatat ccaggtcgtc 120 
tccacggggt cgctgggtct cgacatcgcg ctgggcgtcg gcggcttgcc gcgcggccgg 180 
gtggtcgaga tctacggtcc ggaatcgtcc ggtaagacca cgctcacgct gcaggtcatc 240 
gccgagctgc agaagctggg cggcaccgcg gcgttcatcg acgccgagca cgcgctcgac 300 
gttcaatatg ccgcgaagct cggcgtgaac gtgccggagc tgctgatctc gcagccggac 360 



8/15 



SUBSTITUTE SHEET (RULE 26) 



PCI7CA99/0Q813 

WO 00/14274 42Q 

— ~ ■« ss=s sag SSI IS 5 

SSSS SSSS. l-ss £53 3^ -~£5 S 

Lgatcaagc gcacgaactg «^| acg ggcggtaacg «^aag ac 720 
gtgatgttcg gcaacccgga aacca^ g atcaagaaga gcgacgagg g tc 780 

gtgcgtctcg atatccgccg 9£«J gtgtcgccgc J3 ag 40 

gaaacccgcg tgaaggtcgt caag caggg cgaga «atcg ccag 90 0 
gacatcctgt acggcgaagg «"t | g tacagctaca »°9g|*^ g ag 960 

=S iSi 2es 52= sa — - ss 

a ^?«tt- aa acqaagaaga g 



aaccgcatcc g^^ 3 - ■ 
gagglgatgg acgaagaaga g 

<2io> n 

<2H> 

S£ BuWderia cepacia 
<220> 

<223> recA gene 



<400> 17 aaC qctggcg gccgcgctcg ^^"J* CC algtcgtc 120 

atgaccgccg agaagagcaa 9*g** ggcga agcgg gcg ? g gccgg "J 

qgcaagggct cgatcatgcg gatggg s ctgggc gtcg 9 C 99="9C 3 a tc 2 40 
fccacggggt cgctgggtf J^JS ggtaagacca cgctcacg t JJ^ 00 
gtggtcgaga "tacggtcc gg | gcg ttcatcg acgccg g cggac 36O 

qccgagctgc agaagctggg egg gtgeeggage fc 9«g» gatcgaC atg 420 
gttcaatatg ccgcgaagct gc gctggtgc 3*«j£ Igagatgggc 480 

Iccggcgagc aggccctcga ccgaaggccg JJ^gJ g 9 ctg accggt 540 

ategtcateg actcggtcgc ggc3 t at gtcgcagg C 9 C ^| gaag atcggc 600 
gatlcgctgc egggtctgea 99e«9»9 ttcatcaacc aga«cggat 9 9 g 660 
acgatcaagc gcacgaactg cctcgtga aacg cactgaagtt « 720 

gtgatgttcg gcaacccgga aacca^ g atcaagaaga acgacgagg J ttc 780 

Scgtctcg atatccgccg gjj^ gtgtcgccgc ^tecgega 840 

5SS 235 ~S5 =53= befeg 5S5S >i 

s=s 53 3s=s s=s caac9aa9CC - 

tt^^taa acgaagaaga g 



aaccgcatcc gcyao— 3 -- 
gaggegatgg acgaagaaga g 

<210> 18 
<2U> 1041 

Skholderia cepacia 

<220> 

<223> recA gene 



<400=> 18 * aca ctggcg gccgcgctcg cgcagat^a ^gcgtc 120 

sas s=s Sss ssss ss J— - 

Mcacggggt cgctgggtct cgaca 
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gtggtcgaga tctacggtcc ggaatcgtcc ggtaagacca cgctcacgct qcaqcrtcate ?an 

S22S C99C T 9C9 9C9tt " atcg a * 9CC9a9ca 

^ "^f 3 ccgcgaagct cggcgtgaac gtgccggagc tgctgatctc gcagccggac 360 

atcSStS aScooS 3 aatC \ CC9at gctc^ggctc gatcgacatg 420 

oat?S^ 9 actcg9tC9c 99cgctcgtg ccgaaggccg aaatcgaagg cgagatgggc 480 
accatcaia. C9 " tCt9Ca 99~cgcctg atgtcgcagg cgctgcgcaa gct^accSt "S 
aS a ^ aa9 9cacgaactg cctcgtgatc ttcatcaacc agatccggat g^gaSqc 600 

gSgtctco ?f 3CCC99a aaCCac9ac9 99cggtagcg clctgalgtt ctactcg^g 6S0 
gtgcgtctcg atatccgccg gatcggctcg atcaagaaga acgacgaggt gatcqqcaac 720 

aac a ^ 9C9 t9aa " tC9t caagaacaag gtgtcgccgc cgttccgcga fgcgatcttc 780 
gcSaoatca aC " C9aa " "tttcgcgt cagggcgaga tcatcgatct cg^gca"g 840 
nJ.*l g 9 tc 9 acaa 99 c 939cgcctgg tacagctaca acggcgagaa gatcqqccaq 900 
Ifc a a^ aCa aC9C9C9t 9a attcctgcgc gaaaatccgg aaftcgc^cg cgagatcgag 960 

ZSSSZ SSS g C99C9tC9tc 9caat9CCC9 at99C9ca99 caac9aa9 - 1020 

* 1041 

<210> 19 
<211> 1041 
<212> DMA 

<213> Burkholderia cepacia 
<220> 

<223> recA gene 
<400> 19 

atgaccgccg agaagagcaa ggcgctggcg gccgcgctcg cgcagatcga aaaacaattc *n 
ggcaagggct cgatcatgcg gatgggcgac ggcgaagcgg ccgaggatat ccaaatSc So 

« =35= 5~ jfe g 9 Sl 

SS5S 3KES = a C9 9 9 t ™ 9 55EE ~s 

a a tc C9 ?c 9 t a c a g ;SS2T "'"r 9 ^ 9C9Ct99t9C *^S£c S « 0 ° 
cW™ 9 . actcggtcgc ggcgctcgtg ccgaaaggcc gaaatcgaat gcgaaatggg 480 
cgattcgctg ccgggtctgc aggccccctg atgtcgcagg cgctqcocaa actaJ™ 9 c!n 
acgatcaagc gcacgaactg cctcgtgatc ttcatcaacc SS ££££ I 0 
22£? 9caacccgga aaccacgacg ggcggtaacg cactgalgtt ftactcScg 660^ 
gtgcgtctcg atatccgccg gattggctcg atcaagaaga gcgacgaggt gatcgqcaac 720 
9 acatcc?a 9 t9aa " tC9t -agaacaag gtgtcgccgc cgftccgc^ Igcggcttc 780 
gcqaaoa^a !!" C9aa 99 catttcgcgt cagggcgaga tcatcgatct cigcgtgcag Ho 
a™! 9 tC9acaa 99c gggcgcctgg tacagctaca acggcgagaa gScqqccaa 900 
I 9 ccaff aCa 3C9C9C 9 C 9^ attcctgcgc gaaaatccgg aal?cic|cg cgagafcgag 960 

ZSSZ g 99C9tC9tc ccaat9CCC9 at99C9ca " cl ~ 1020 

^ 1041 

<210> 20 
<211> 18 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> recA forward primer (BCRU1*) 



<400> 20 
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tgcggatggg cgacggcg 

<210> 21 
<211> 19 
<212> DNA 

<213> Burkholderia cepacia 

: 2 223 > > recA reverse primer ( BCRU2 
<400> 21 

cagttctgtc gcttgatcg 

<210> 22 
<211> 19 
< 2 1 2 > DNA 

<213> Burkholderia multivorans 

<220> H «-ri£ie recA forward primer 

<223> B. multivorans specific 

(BCRBMD 
<400> 22 

cggcgtcaac gtgccggat 

<210> 23 
<211> 19 
<212> DNA 

<213> Burkholderia multivorans 

:22 0 3: B. multivorans specific reA reverse primer 
(BCRBM2) 

<400> 23 

tccatcgcct cggcttcgt 

<210> 24 
<211> 18 

<212> DNA . . e 

<213> Burkholderia vietnamiensis 

<220> m -ei£ic recA forward primer 

<223> B. vietnamiensis specific 

(BCRBV1) 
<400> 24 

gggcgacggc gacgtgaa 

<210> 25 
<211> 18 

<212> DNA . , 

<213> Burkholderia vietnamiensis 
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<220> 

<223> B. vietnamiensis specific recA reverse primer 
(BCRBV2) 



<400> 25 

tcggccttcg gcaccagt 18 

<210> 26 
<211> 18 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> B. cepacia Genomovar IV specific recA forward 
primer (BCRG41) 



<400> 26 

accggcgagc aggcgctt 18 

<210> 27 
<211> 18 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> B. cepacia Genomovar IV specific recA reverse 
primer (BCRG42) 



<400> 27 

acgccatcgg gcatggca 18 

c210> 28 
<211> 18 
<212> DNA 

<213> Burkholderia cepacia 



<220> 

<223> B. cepacia Genomovar III, RG-B recA specific 
forward primer 

<400> 28 

gcaagtcatc gctgagaa 18 

<210> 29 
<211> 18 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> B. cepacia Genomovar III, RG-B recA specific 
reverse primer 
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<400> 29 

tacgccatcg ggcatgct 

<21Q> 30 
<211> 18 
<212> DNA 

<213> Burkholderia cepacia 



'.III: B. cepacia Genomovar I specific recA forward 

^ W pr (BCRGlD 



primer (BCRGlD 
<400> 30 

caggtcgtct ccacgggt 

<210> 31 
<211> 19 
<212> DNA 

<213> Burkholderia cepacia 



<220> 9 ^ T Rnec ific recA reverse 

<223> B. cepacia Genomovar I specinc 

primer (BCRG12) 



<400> 31 

cacgccgatc ttcatacga 

<210> 32 
<211> 19 
<212> DNA 

<213> Burkholderia cepacia 



<220 
<223 



> ^ ttt RG-A specific recA 

> b. cepacia Genomovar III. RG a s P 

forward primer (BCRG31) 



<400> 32 

gctcgacgtt caatatgcc 

<210> 33 
<211> 18 
<212> DNA 

<213> Burkholderia cepacia 



<220> _ ytt pr,-A specific recA 

<223> B . cepacia oma^om. BO A sp 
reverse primer (BCRG32) 



<400> 33 

tcgagacgca ccgacgag 

<210> 34 
<211> 18 
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<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> B. cepacia recA reverse primer (BCR4) 
<400> 34 

gcgcagcgcc tgcgacat 

<210> 35 
<211> 18 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> B. cepacia recA forward primer (BCR3) 
<400> 35 

gtcgcaggcg ctgcgcaa 

<210> 36 
<211> 19 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> B. cepacia recA forward primer (BCRU1) 
<400> 36 

atcatgcgga tgggcgacg 

<210> 37 
<211> 19 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> B. cepacia recA reverse primer (BCRU2) 



18 



18 



19 



<400> 37 

cagttctgtc gcttgatcg 

<210> 38 
<211> 19 
<212> DNA 

<213> Burkholderia cepacia 
<220> 

<223> B. cepacia Genomovar III, RG-B recA specific 
forward primer 

<400> 38 

gctgcaagtc atcgctgaa 



19 



19 
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<210> 39 
<211> 18 
<212> DNA 

<213> Burkholderia cepacia 



lilt B. cepacia RG-C specific recA forward primer 



<400> 39 

gtcgggtaaa accacgtg 

<210> 40 
<211> 18 
<212> DNA 

<213> Burkholderia cepacia 
<220> 



lllll B. cepacia RG-C specific recA reverse primer 



<400> 40 

tccgcagccg caccttca 
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